Background: The appropriate choice of postoperative analgesia for pyothorax surgery is unclear since local infection could contaminate the catheter used for regional blocks and bacteremia can lead to disordered coagulation. We performed erector spinae plane block (ESPB) in a pyothorax patient undergoing emergency re-open thoracotomy. Case presentation: An 81-year-old male with internal jugular vein stenosis on aspirin therapy was scheduled for pyothorax drainage and residual middle lobectomy 14 days after he underwent open right lower lung lobectomy for lung cancer. ESPB was performed with injection of 20 ml of 0.375% levobupivacaine at the Th5 transverse process of the right side under ultrasound guidance. Although he needed intravenous pentazocine for pain on postoperative day 0, no more analgesics were required postoperatively. NRS score ranged from 0 to 1 thereafter. Conclusions: ESPB provided effective postoperative analgesia following emergency re-open thoracotomy for our pyothorax patient. ESPB might be the appropriate choice for postoperative analgesia following pyothorax surgery.
Background
Thoracic epidural analgesia (TEA) is the gold standard of regional anesthesia for thoracic surgery (Joshi et al. 2008) , since it reduces sympathetic tone and postoperative pulmonary complications (Bauer et al. 2007 ). In the last decade, thoracic paravertebral block (TPVB) under ultrasound guidance was introduced as a safe and easy alternative to TEA. The efficacy and major complications of TPVB are similar to TEA, although the incidence of perioperative hypotension is lower with TPVB (Yeung et al. 2016) .
Both TEA and TPVB by catheter insertion are performed for postoperative analgesia following common thoracic procedures (Davies et al. 2006) , reducing hospital stay and the incidence of chronic pain. However, both techniques can cause complications, such as pneumothorax, hematoma, and infections. Several alternatives, more superficial and safer blocks of the thoracic trunk are available for thoracic and breast surgery, including pectoral (Pecs) nerve block and serratus plane block (SPB) (Kamiya et al. 2018) .
Pyothorax is a serious postoperative complication of thoracic surgery. It can occur secondary to pneumonia, retrograde infection, or prolonged air leakage from a bronchopulmonary fistula. Pyothorax, which sometimes requires surgical treatment by open-window surgery, often causes slight coagulation abnormalities due to the infection. Hence, pyothorax is a contraindication for TEA or TPVB catheter insertion due to the infection and coagulation issues. The potential risk of epidural abscess (Hung et al. 2011 ) and epidural hematoma (Gulur et al. 2015) formation following TEA catheter insertion makes TEA contraindicated in pyothorax patients. Epidural abscess after epidural catheter is a rare but serious complication. As patients with empyema s have a high probability of systemic sepsis, risk-benefit analysis must be given due consideration for each individual patient before insertion of thoracic epidural catheter. And Intercostal nerve block and a paravertebral catheter might be alternatives (Walters et al. 2011) .
Erector spinae plane block (ESPB) is a relatively new technique (Forero et al. 2016 ) of thoracic trunk blockade, providing analgesia for thoracic or chest wall surgery, such as lung, mediastinal, or breast surgery. It is a more superficial procedure than even classical intercostal block.
Here, we report our experience with ESPB for a pyothorax patient undergoing emergency re-open thoracotomy.
We obtained our institutional ethics committee approval for this work (approval number JHS 18-026) and the patient's written informed consent for publishing this report.
Case presentation
An 81-year-old male, 165 cm tall, weighing 66 kg, suffered from diabetes mellitus (HBA1c, 8.0%) and had a history of internal jugular vein stenosis on treatment with aspirin since 10 years. He had undergone right lower lobectomy for lung cancer via open thoracotomy 14 days earlier. The epidural catheter inserted via the Th6-7 intervertebral space at the initial surgery had already been removed on the second postoperative day (POD), before his discharge on POD 6.
On POD 12, he visited the hospital complaining of fever and severe cough. Chest X-ray revealed pyothorax with effusion, and CT revealed a postoperative bronchopulmonary fistula (BPF) in the surgical stump. He was readmitted for chest drainage and the remaining middle lobectomy to control empyema based on BPF (Fig. 1 ).
Preoperative biochemical parameters indicated acute inflammation with well intact coagulation status.
Standard monitoring, including noninvasive blood pressure, electrocardiogram, and pulse oximetry, were applied and right-sided ESPB was performed approximately 20 min before induction of general anesthesia with the patient in the prone position. He was administrated 3 l/min oxygen with nasal cannula from his ward. No additional administration of oxygen was performed during block procedure. After skin preparation with 0.5% chlorhexidine alcohol solution, the ultrasound probe, covered with a sterile cover, of a high frequency 6-15-MHz linear array transducer (S-Nerve, Sonosite Inc., WA) was placed in a longitudinal orientation 2.5 cm lateral to the T5 spinous process. A 22-G, 50-mm, insulated needle (B. Braun Sonoplex, Melsungen, Germany) was inserted 2 cm from the short edge of the transducer, in-plane with the ultrasound beam, at a less than 30°angle to the skin in a cranial to caudal direction. When the tip of the needle was positioned over the tip of the Th5 transverse process below the erector spinae muscle, 1 ml of normal saline was injected to confirm lifting of the erector spinae muscle resulting from linear spread of the liquid. After an aspiration test to prevent inadvertent intravascular injection, 20 ml of 0.375% levobupivacaine was injected. About 15 min later, loss of cold sensation around the T5 vertebral level was achieved without any hemodynamic changes. The vital signs of pre-and post-block procedure were 150/90 and 140/ 86 in blood pressure, 100 and 100 in heart rate, and 94% and 95% in SpO2, respectively.
Next, general anesthesia was induced and maintained with propofol (target controlled infusion of 1.5-2.7 μg/ dl) and remifentanil (0.1-2 mg/kg/min), targeting a bispectral index (BIS) of 40 to 60, assessed using a BIS™ monitor (Quatro sensor and Brain monitor QEM solutions, Medtronic, MA, USA). At induction, 40 mg rocuronium was given for muscle relaxation, with additional 10 mg doses given as needed during surgery. One hundred micrograms fentanyl and 1000 mg acetaminophen were administered at induction of anesthesia and at the end of surgery, respectively. The intraoperative period was uneventful, with no remarkable hypotension or any other complications. Systolic blood pressure remained stable between 90 and 150 mmHg, and HR between 90 and 120 beats/min during the anesthesia period of 239 min. The incision for the second surgery was located at Th5 and was made by extending the original incision posterolaterally by 20 cm. A chest drainage tube was inserted in the 7th intercostal space at the end of the procedure. Although the patient had no pain or discomfort in the recovery room, he needed 15 mg of pentazocine intravenously 6 h postoperatively, with no more supplemental analgesics for 24 h postoperatively. He Fig. 1 Re-operation for postoperative empyema due to bronchopulmonary fistula (BPF) after right lower lobectomy for lung cancer. Residual right middle lobectomy was done 2 weeks after the initial surgery to control the postoperative empyema based on the BPF could change his position and cough freely after pentazocine. His pain score ranged between 0 and 1 on a numerical rating scale of 0 to 10 until discharge. His CRP, WBC, and PT-INR levels had decreased from 19.7 to 10.24 mg/dl, 16.0 to 12.5 × 10 3 /μg, and 1.21 to 1.2, respectively, at his discharge on POD 14.
Discussion
TEA and TPVB are common analgesic techniques for post-thoracotomy patients, which are equal in terms of the incidence of major complications, such as pneumothorax (Bauer et al. 2007; Yeung et al. 2016) , although TEA has a higher failure rate than TPVB (Scarci et al. 2010; Kosiński et al. 2016) .
ESPB is a more superficial thoracic block compared to both TEA and TPVB, and its technique is simpler and safer, especially under ultrasound guidance. It can also be used in patients on anticoagulant therapy. According to the guideline for interventional Spine and Pain procedure for anticoagulant patients provided by ASRA (Narouze et al. 2018) , ESPB may be classified as a lowrisk procedure. Almost all anticoagulant patients can undergo ESPB if clinically needed, though several hours resting of drug is defined.
David Rosenblum, MD performed bilateral ESPB at the beginning of cardiac surgery and reportedly resulted in excellent postoperative analgesia, along with shortening of the duration to postoperative extubation compared to IV paracetamol and tramadol administration (Krishna et al. 2019) . Reportedly, ESPB also remarkably decreases morphine consumption within 24 h after breast cancer surgery (Gürkan et al. 2018 ).
The choice of postoperative analgesia for patients undergoing pyothorax surgery is controversial. Anesthesiologists and surgeons usually perform local anesthetic infiltration around the incision site in clinical practice, since bacterial infection in the thoracic cavity is a relative contraindication to catheter insertion for TEA or TPVB, although the efficacy of the local anesthetic could be reduced by the acidic local environment secondary to infection. In particular, in open-window surgery for pyothorax, the frequent washing required increases the risk of contamination of the catheter by the liquid used for washing. Typically, postoperative pain following a second surgery is different from that of the first incision even if the incision is the same as the initial operation, since the additional incision might cause further tissue damage and severe neuropathic pain. Excessive use of opioids in pyothorax patients can be relatively contraindicated (Zhang et al. 2018 ) because of their poor respiratory function and potential for disordered consciousness. Hence, the choices for postoperative analgesia in pyothorax patients are limited (Hung 2011) . Shimizu et al. (2018) presented the anesthetic management of pyothorax surgery in patients with interstitial pneumonia under only epidural anesthesia. They recommended epidural anesthesia rather than general anesthesia for patients with severe respiratory dysfunction.
Other reports (Hung et al. 2014; Pompeoa et al. 2018 ) state that intercostal nerve block (ICB) is convenient and safe for non-intubated video-assisted thoracic surgery (VATS), especially in patients with poor respiratory function.
ESPB blocks the intercostal nerve (ICN) more proximally than does ICB. Although ESPB is similar to ICB as to act to intercostal nerves, it is different in terms of the point of infiltration into the paravertebral space, the effect site of ESPB is more widespread and deeper than ICB, probably because it affects not only the ICN, but also the paravertebral space, and spreads not only to the chest wall, but also to the intrathoracic cavity (Vidal et al. 2018) .
Moreover, the tissue environment in the thoracic cavity in pyothorax tends to be acidic, reducing the efficacy of local anesthetics. Since the puncture site for ESPB is closer to the transverse process rather than the infection site, it is unlikely to be affected by acidosis and infection. Hence, ESPB may be possible to be more effective and suitable than ICB in pyothorax patients (Ueno et al. 2008) .
ESPB for postoperative analgesia in our pyothorax patient provided adequate analgesia through the postoperative period. The fact that his second incision was an extension of the previous incision and hence, would be less painful, could also have contributed to this. However, ESPB would not have been effective for an incision on the anterior chest wall, since its effect does not provide sufficient spread anteriorly (Taketa et al. 2018) .
Our experience suggests that while ESPB might be the first choice for postoperative analgesia in high-risk patients such as ours, the risk of contamination and the additional risks in patients on anticoagulant therapy should be carefully considered.
Further, the types of thoracic surgical incisions for which ESPB would be effective have not yet been clarified. In the future, the indications and limitations of ESPB for specific thoracic procedures should be assessed in consideration of their invasiveness. 
Conclusions

